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(54) Surface elastic wave device 

(57) A surface elastic wave filter 50 for processing a supplied signal into a signal with nonlinear-phase frequency 
characteristics has a piezoelectric substrate 52 and spaced input and output electrodes 54, 56 disposed on the surface 
layer. Each of the input and output electrodes has a pair of common electrodes 60, 62 and 64, 66 having comb-shaped 
interdigitatlng electrode fingers 70-76, 82, 84, 88, 92 and 94 extending therebetween. The central electrode fingers 72. 84 
of the input and output electrodes have central axes across the direction of propagation of the surface elastic wave. The 
distance Lj along the direction of propagation between the central axes is varied in the direction substantially normal to the 
direction of propagation. The filter may include an electric conductor disposed on the piezoelectric substrate between the 
input and output electrodes and having a dimension in the direction of propagation, the dimension being varied in the 
direction substantially normal to the direction of propagation. A medium, such as silicon dioxide, for varying the speed of 
propagation of the surface elastic wave may be positioned in place of the electric conductor. 
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SURFACE 4 ELASTIC WAVE DEVICE 

2212685 

The present invention relates to a surface elastic 
wave device, and more particularly to a surface elastic wave 
device having input and output electrodes disposed on a sur- 
face layer of a piezoelectric body for sending and receiving 
a surface elastic wave between the electrodes to produce a 
signal having desired frequency characteristics from a sup- 
plied high-frequency signal. 

Surface elastic wave devices utilize the properties 
of a surface elastic wave such that most of its energy is 
propagated along a surface of a solid body. Such surface 
elastic wave devices are widely used in oscillator circuits, 
filter circuits, delay circuits, and the like in various 
pieces of communication or electronic equipment. The sur- 
face elastic wave device comprises, for example, a piezo- 
electric crystal body with a ground surface and input and 
output electrodes in form the of a pair of thin metallic 
films on the surface of the piezoelectric crystal body for 
sending and receiving a surface elastic wave between the 
electrodes. More specifically, when the input electrode on 
the piezoelectric crystal body is supplied with a high- 
frequency signal, the piezoelectric body vibrates due to the 
piezoelectric effect, and the vibration is transmitted from 
the input electrode and propagated as an elastic wave along 
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the surface of the piezoelectric body toward the output 
electrode. The output electrode receives the elastic wave 
and issues a high-frequency output signal which is produced 
by the reverse piezoelectric effect of the piezoelectric 
body. 

Recently, surface elastic wave devices have been 
finding wide use as filters since the phase or amplitude 
characteristics thereof can be selected as desired. 

FIG. 1 of the accompanying drawings illustrates a 
conventional surface elastic wave filter of a basic 
configuration. The surface elastic wave filter has a 
piezoelectric substrate 12 and a pair of input and output 
electrodes 16, 18 disposed on the piezoelectric substrate 12 
in spaced-apart relationship. The input and output 
electrodes 16, 18 have common electrodes 16a, 16b and 18a, 
18b, respectively. The input electrode 16 includes a 
plurality of parallel interdigitating electrode fingers 20a, 
20b, 20c, 20d, 20e extending between the common electrodes 
16a, 16b. The output electrode 18 includes a plurality of 
parallel interdigitating electrode fingers 24a, 24b, 24c, 
24d, 24e extending between the common electrodes 18a, 18b. 

A high-frequency signal S t is applied to the input 
electrode 16 between the common electrodes 16a, 16b, and a 
high-frequency signal S a having desired frequency 
characteristics is produced from the output electrode 18 
between the common electrodes 18a, 18b. 



While the basic configuration of the surface 
elastic wave filter is shown in FIG. 1, the interdigitating 
electrode fingers may be modified in shape in an actual 
application to obtain desired output signal frequency 
characteristics. For example, the interdigitating electrode 
fingers may be shaped to widen the passband of the filter 
and eliminate ripples from the frequency characteristics in 
the passband. 

Another conventional surface elastic wave filter is 
illustrated in FIG. 2 of the accompanying drawings. The 
surface elastic wave filter comprises a piezoelectric 
substrate 23 and a pair of input and output electrodes 36, 
38 disposed on the piezoelectric substrate 23 in spaced- 
apart relationship. The input and output electrodes 36, 3 8 
have common electrodes 36a, 36b and 38a, 38b, respectively. 
The input electrode 36 includes divergent electrode fingers 
40a, 40b, 40c positioned between the common electrodes 36a, 
36b and electrode fingers 40d, 40e disposed in spaces 
defined between the electrode fingers 40a, 40b, 40c in 
interdigitating relationship. Similarly, the output 
electrode 38 also includes divergent 'electrode fingers 44a, 
44b, 44c and electrode fingers 44d, 44e disposed between the 
common electrodes 38a, 38b in interdigitating relationship. 
The pitch or distance, in the direction x in which the sur- 
face elastic wave is propagated, between adjacent two of the 
electrode fingers from each of the common electrodes 36b, 
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38b progressively varies from a minimum value of P L to a 
maximum value of P H across propagation paths a through n 
which are juxtaposed in a direction y normal to the direc- 
tion x of propagation on the piezoelectric substrate 32. 

The common electrodes 36a, 36b are supplied with a 
high-frequency signal S 4 therebetween, and a high-frequency 
signal S* having desired frequency characteristics is picked 
up from between the common electrodes 38a, 3 8b. 

It may be considered that the interdigitating 
electrodes of the shape shown in FIG. 2 provide a number of 
parallel-connected surface elastic filters having different 
interelectrode pitches in respective small segments Ay in 
the direction y. 

As is well known in the art, the frequencies that 
can be passed through a surface elastic wave filter are 
determined by the interelectrode pitch. Assuming that the 
speed of propagation of a surface elastic wave through the 
filter of FIG. 2 is indicated by v, the frequencies that can 
be passed through the filter range from: 

f L = ? L /v •••(!) 

to 

f H - P R /v • • • ( 2 ) 

In this frequency range, the pitch P(y) in the direction y 
normal to the direction x of propagation of the surface 
elastic wave smoothly varies. The frequency range is wide 
with no ripples therein. In the arrangement of FIG . 2, the 
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interelectrode pitch is varied in each of the input and out- 
put electrodes 36, 38. However, the interelectrode pitch of 
the interdigitating electrode fingers in either one of the 
input and output electrodes 36, 38 may be varied. FIG. 3 
shows phases and amplitudes (insertion losses) at respective 
frequencies of the surface elastic wave filter of FIG. 2, 
and FIG. 4 illustrates phases and insertion losses at 
respective frequencies of the surface elastic wave filter of 
FIG. 2. 

The surface elastic wave filter shown in FIG. 2 is 
capable of providing linear-phase frequency characteristics 
in a relatively wide range, but fails to achieve nonlinear- 
phase frequency characteristics. 

More specifically, a signal which has passed 
through an LC filter suffers overshooting or undershooting 
due to the transient cf the filter, and hence the signal 
from the filter has a distorted leading or trailing edge, 
i.e., a characteristic deterioration such as curved group 
delay characteristics is developed. To avoid this problem, 
a signal produced from an LC filter is passed through a sur- 
face elastic wave filter in many instances, so that desired 
amplitude and phase characteristics will be given to the 
signal by the surface elastic wave filter. Where such a 
surface elastic wave filter is employed, more accurate char- 
acteristics are desired, and ripples produced by the surface 
elastic wave filter itself may cause a problem. There is 



therefore a demand for a surface elastic wave filter which 
can provide nonlinear-phase frequency characteristics with 
low ripples and has a wide frequency range. 

It is a major object of the present invention to 
provide a surface elastic wave device having input and out- 
put electrodes disposed on a surface layer of a piezoelec- 
tric body for sending and receiving a surface elastic wave - 
between the electrodes, the surface elastic wave device 
including either an electric conductor disposed between the 
input and output electrodes and having a length in the 
direction of propagation of the surface elastic wave, the 
length being varied in a direction normal to the direction 
of propagation of the surface elastic wave to vary the speed 
of propagation of the surface elastic wave due to different 
electric boundary conditions, or a medium disposed on the 
surface layer between the input and output electrodes for 
varying the speed of propagation of the surface elastic wave 
through the surface layer, so that a signal supplied to the 
input electrode will be produced as an output signal from 
the output electrode which has desired frequency character- 
istics in a wide frequency range, and the desired frequency 
characteristics can accurately be achieved in a wide fre- 
quency range with greater freedom. 

Accordingly, the present invention provides 
a surface elastic wave device having nonlinear-phase 
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frequency characteristics, comprising a piezoelectric body 
for propagating a surface elastic wave through a surface 
layer thereof and first and second electrodes disposed on 
said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, each of said first 
and second electrodes having a pair of common electrodes 
having comb-shaped electrode fingers extending therebetween, 
said electrode fingers between the common electrodes of at 
least one of said first and second electrodes including a 
plurality of divergent electrode fingers spreading along a 
direction substantially normal to the direction of propaga- 
tion of the surface elastic wave and an electrode finger 
disposed in a space defined between said divergent electrode 
fingers, the electrode finger of said first electrode for 
substantially sending and receiving the surface elastic wave 
having a central axis across said direction of propagation, 
the electrode finger of said second electrode for substan- 
tially sending and receiving the surface elastic wave having 
a central axis across said direction of propagation, the 
distance along said direction of propagation between said 
central axes being varied in said direction substantially 
normal to said direction of propagation. 



Preferably the surface elastic wave device further comprises an 
electric conductor disposed on said surface layer of the 
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piezoelectric body and having a .length in said direction of 
propagation, said length being varied in said direction sub- 
stantially normal to said direction of propagation, said 
electric conductor comprising a metallized layer. 

Preferably those elec- 
trode fingers which are disposed between said central axes 
comprise electrode conductors, and further comprising an 
electric conductor disposed on said surface layer of the 
piezoelectric body and having a length in said direction of 
propagation, said length being varied in said direction sub- 
stantially normal to said direction of propagation, said 
electric conductors comprising metallized layers, 
respectively . 

The present invention further 

provides a surface elastic wave device having nonlinear-phase 
frequency characteristics, comprising a piezoelectric body 

for propagating a surface elastic wave through a surface 
layer thereof, first and second electrodes disposed on said 
surface layer in spaced-apart relationship to each other for 
sending and receiving the surface elastic wave between the 
first and second electrodes, and an electric conductor dis- 
posed on said surface layer of the piezoelectric body 
between said first and second electrodes and having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 



propagation, each of said first and second electrodes having 
a pair of common electrodes having comb-shaped electrode 
fingers extending therebetween, said electrode fingers 
between the common electrodes of at least one of said first 
and second electrodes including a plurality of divergent 
electrode fingers spreading along a direction substantially 
normal to the direction of propagation of the surface elas- 
tic wave and an electrode finger disposed in a space defined 
between said divergent electrode fingers. 

The present invention further 
provides a surface elastic wave device having nonlinear-phase 
frequency characteristics, comprising a piezoelectric body 
for propagating a surface elastic wave through a surface 
layer thereof, and first and second electrodes disposed on 
said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, each of said first 
and second electrodes having a pair of common electrodes 
having comb-shaped electrode fingers extending therebetween, 
said electrode fingers between the common electrodes of at 
least one of said first and second electrodes including a 
plurality of divergent electrode fingers spreading along a 
direction substantially normal to the direction of propaga- 
tion of the surface elastic wave and an electrode finger 
disposed in a space defined between said divergent electrode 
fingers, the central electrode finger of said first elec- 
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trode having a central axis and the central electrode finger 
of said second electrode having a central axis, those elec- 
trode fingers of said first electrode and/or said second 
electrode which are disposed between said central axes com- 
prising electric conductors, each of said electric conduc- 
tors having a length in said direction of propagation, said 
length being varied in said direction substantially normal 
to said direction of propagation. 

Preferably 

the surface elastic wave device further comprises an 

electric conductor disposed on said surface layer of the 
piezoelectric body and having a length ih said direction of 
propagation, said length being varied in said direction sub- 
stantially normal to said direction of propagation, said 
electric conductor comprising a metallized layer. 

Preferably those elec- 
trode fingers which are disposed between said central axes 
comprise electrode conductors, and further comprising an 
electric conductor disposed on said surface layer of the 
piezoelectric body and having a length in said direction of 
propagation, said length being varied in said direction sub T 
stantially normal to said direction of propagation, said 
electric conductors comprising metallized layers, 
respectively. 

The present invention still further 
provides a surface elastic wave device having 
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nonlinear-phase frequency characteristics, comprising a pie- 
zoelectric body for propagating a surface elastic wave 
through a surface layer thereof, first and second electrodes 
disposed on said surface layer in spaced-apart relationship 
to each other for sending and receiving the surface elastic 
wave between the first and second electrodes, each of said 
first and second electrodes having a pair of common elec- 
trodes having comb-shaped electrode fingers extending 
therebetween, said electrode fingers between the common 
electrodes of at least one of said first and second elec- 
trodes including a plurality of divergent electrode fingers 
spreading along a direction substantially normal to the 
direction of propagation of the surface elastic wave and an 
electrode finger disposed in a space defined between said 
divergent electrode fingers, and an electric conductor dis- 
posed on said surface layer of the piezoelectric body 
between said first and second electrodes and having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 
propagation, and/or the central electrode finger of said 
first electrode having a central axis and the central elec- 
trode finger of said second electrode having a central axis, 
those electrode fingers of said first electrode and/or said 
second electrode which are disposed between said central 
axes comprising electric conductors, each of said electric 
conductors having a length in said direction of propagation, 
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said length being varied in said direction substantially 
normal to said direction of propagation. 

The present invention still further 
provides a surface elastic wave device having nonlinear-phase 
frequency characteristics, comprising a piezoelectric body 
for propagating a surface elastic wave through a surface 
layer thereof , first and second electrodes disposed on said 
surface layer in spaced- apart relationship to each other for 
sending and receiving the surface elastic wave between the 
first and second electrodes, each of said first and second 
electrodes having a pair of common electrodes having comb- 
shaped electrode fingers extending therebetween, said elec- 
trode fingers between the common electrodes of at least one 
of said first and second electrodes including a plurality of 
divergent electrode fingers spreading along a direction sub- 
stantially normal to the direction of propagation of the 
surface elastic wave and an electrode finger disposed in a 
space defined between said divergent electrode fingers, and 
a medium disposed across propagation channels between said 
first and second electrodes for varying the speed of propa- 
gation of the surface elastic wave through said surface 
layer • 

Preferably said medium 
comprises a thin film of silicon dioxide. 
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Tbe preferred embodiments of the present invention 
will now be described by way of example only with reference to the 
accompanying drawings in which: 

FIG. 1 is a plan view of a conventional surface 
elastic wave filter with input and output electrodes dis- 
posed on a surface layer of a piezoelectric body; 

FIG- 2 is a plan view of another conventional sur- 
face elastic wave filter with input and output electrodes 
disposed on a surface layer of a piezoelectric body; 

FIGS. 3 and 4 are graphs showing frequency charac- 
teristics of the surface elastic wave filter shown in FIG. 
2; 

FIG. 5 is a plan view of a surface elastic wave 
filter according to the present invention, showing input and 
output electrodes disposed on a surface layer of a piezoe- 
lectric body; 

FIG. 6 is a graph showing phases and insertion 
losses at respective frequencies of the surface elastic wave 
filter shown in FIG. 5; 

FIG. 7 is a graph showing phases at respective fre- 
quencies of a surface elastic wave filter; 

FIG. 8 is a graph illustrating measured phases, 
insertion losses, and group losses at respective frequencies 
of the surface elastic wave filter shown in FIG. 5; 
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FIG. 9 is a graph showing variations in the dis- 
tance between the input and output electrodes at respective 
frequencies of the surface elastic wave filter of FIG. 5; 

FIG. 10 is a plan view of a surface elastic wave 
filter according to another embodiment of the present 
invention, showing input and output electrodes and a phase 
control and shield electrode which are disposed on a surface 
layer of a piezoelectric body; 

FIG. 11 is a plan view of a surface elastic wave 
filter according to still another embodiment of the present 
invention, showing input and output electrodes disposed on a 
surface layer of a piezoelectric body; 

FIG, 12 is a plan view of a surface elastic wave 
filter according to yet another embodiment of the present 
invention, showing input and output electrodes and a phase 
control and shield electrode which are disposed on a surface 
layer of a piezoelectric body; 

FIG. 13 is a plan view of a surface elastic wave 
filter according to a further embodiment of the present 
invention, showing input and output electrodes and a medium 
which are disposed on a surface layer of a piezoelectric 
body; and 

FIG. 14 is a fragmentary cross-sectional view taken 
along line V - V f of FIG. 13. 

A surface elastic wave device according to the pre- 
sent invention will be described below as being applied to a 
surface elastic wave filter. 
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Like or corresponding parts are denoted by like or 
corresponding reference numerals throughout views. 

FIG. 1 shows a surface elastic wave filter accord- 
ing to a first embodiment of the present invention. The 
surface elastic wave filter, generally denoted at 50, has a 
piezoelectric substrate 52 and input and output electrodes 
54, 56 disposed on the piezoelectric substrate 52 for 
receiving and sending a high-frequency signal. The input 
electrode 54 has two common electrodes 60, 62 parallel to 
and confronting each other for being supplied with a high- 
frequency signal S.. The output electrode 56 has two common 
electrodes 64, 66 for issuing a high-frequency signal S,. 
From the common electrodes 60, 62 and 64, 66, there extend 
comb-shaped electrode fingers inclined at angles to imagi- 
nary lines normal to the common electrodes. More 
specifically, the common electrode 60 has three divergent 
electrode fingers 70, 72, 74 spreading along a direction y, 
and the common electrode 62 has two electrode fingers 76, 78 
extending in interdigitating relation to the divergent elec- 
trode fingers 70, 72, 74. Likewise, the common electrode 6 4 
has three divergent electrode fingers 82, 84, 88 spreading 
along the direction y, and the common electrode 6 6 has two 
electrode fingers 92, 94 extending in interdigitating rela- 
tion thereto. The common electrodes and the electrode fin- 
gers of the input and output electrodes 54, 56 are formed as 
electrically closed areas or electric conductors in the form 
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of metallized layers deposited on the piezoelectric sub- 
strate 52. 

The distance between the central axes of the cen- 
tral electrode fingers of the input and output electrodes 
54, 56, e.g., the distance Lj between the central axes of 
the central electrode fingers 72, 84, progressively varies 
along the direction y which is substantially normal to a 
direction x of propagation of a surface elastic wave through 
the surface elastic wave filter 50. 

The surface elastic wave filter 50 of the first 
embodiment thus constructed will operate as follows: 

It is assumed that the surface elastic wave filter 
50 has a plurality of propagation channels a through n sepa- 
rate or juxtaposed in the direction y. A surface elastic 
wave produced from the input electrode 54 in response to 
application of the input signal S, is propagated along the 
propagation channels a through n across the metallized lay- 
ers or the electrode fingers and nonmetallized areas or 
electrically open areas toward the output electrode 56. The 
calculation of the speed at which the surface elastic wave 
is propagated while encountering different electric boundary 
conditions as it goes through the metallized layers and the. 
nonmetallized areas is well known in the art, and will not 
be described in detail. 

The distance Lj represents the distance between the 
central axes of the central electrode fingers of the input 
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and output electrodes 54, 56 at the jth propagation channel. 
The distances between the central axes of the electrode fin- 
gers are progressively different at the propagation channels 
a through n in the direction y. The central frequency fj 
and the wavelength Xj of a surface elastic wave propagated 
through the jth propagation channel, the distance Lj between 
the central axes of the electrode fingers of the input and 
output electrodes 54, 56 at the jth propagation channel, and 
the delay time Tj and the group delay xj of the surface 
elastic wave propagated through the jth propagation channel, 
are related as follows: 

Xj = v/fj ■ • • ( 3) 

Tj = Loj/vo + Lmj/vm 

= Loj*(l/vo+l/vm) = Lj/v •••(4) 

Tj = - dej (fj )/dco • • • (5) 

where v = 2* ( vo*vm) / ( vo + vm) , and 
Lj/2 = Loj = Lmj . 

The group delay tj indicated by the equation (5) is 
a group delay time in the case where the propagation chan- 
nels are independent of each other. Actually, the group 
delay is given as follows by 9(f) that is determined by com- 
bining the propagation channels: 

x = - d9(f)/dco 

Assuming that the distances of propagation through 
all the propagation channels are equal, 

LI = L2 = = Lj = • • • ■ L • ' ' ( 6 ) 
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Tj = Lj /v = T • ■ • ( 7 ) 

The frequency difference Afj and phase difference A9j 
between the frequencies fj and fj+1 are given by: 

Afj « fj+1 - fj • • • (8) 

A9j = 27T-L/Xj - 27T-L/\j+l 

= 2TT-L- (l/v) • (V/Xj - v/\j+l) 
~ 2tt- (L/v) • (f j - fj+1) -'-(9) 
The group delay xj of each propagation channel is expressed 
by : 

Tj = - A9j/(Af j • 2tt) 
= L/v 
= T 

Tj = t(fj ) = r (f ) = T • • • (10) 

Even if the propagation channels are combined, the group 
delay is constant and equal to the delay time T with respect 
to every frequency. In the surface elastic wave filter 
shown in FIG . 5, the distances of propagation through the 
respective propagation channels are slightly different from 
each other, and so are the phases of surface elastic waves 
propagated through the propagation channels. Thus, phase 
differences are developed by the different propagation dis- 
tances in the propagation channels a through n. On the 
assumption that the energy of a surface elastic wave having 
a frequency fj is concentrated substantially in the jth 
propagation channel and the energy of a surface elastic wave 
having a frequency fj+1 is concentrated substantially in the 
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(j+l)th propagation channel, the phase difference A6j 
between the frequencies fj and fj+1 is expressed by: 

A0j = 2TT-Lj/Xj - 2TT-Lj+1/Xj+1 •••(11) 
If Lj - Lj+1 = ALj • • • (12) 

then 

A9j = 2ir-Lj/Xj - 2lT-Lj+l/Xj+l 
= 27T-(Lj/Xj - Lj+l/Xj+1) 
- 2n-(Lj/^j - Lj/Xj+1 + ALj/Xj+1) 
= 2TT- (Lj/V) • (f j - fj+1) + 2n- (ALj/Xj+1) 

• ■ • (13) 

In this case, the group delay t(fj') is different 
from the group delay rj in the independent jth propagation 
channel. If 9 ( f j ) can be regarded as the phase of the com- 
bination of the jth and (j+l)th propagation channels, then 

x(f j ) = - AGj/(Afj *2tt) 

= Lj/v - 2tt- ( ALj/Xj+1 )/(2tt« Af j ) 
= tj - AABj/Acoj - • • (14) 

where AAG j = 2tt • ( ALj /Xj +1 ) 

Acoj = 27T-Afj • ' ■ (15) 

The delay time which is determined by the geometri- 
cal distance between propagation channels is given by: 

tj = Lj/v • • * (16) 

tj+1 = Lj+l/v • • • (17) 

If Lj+1 - Lj « ALj << Lj+1, Lj -«-(18), 
then 

tj - tj+1 • • • (19) 



While ALj is negligible as compared with Lj , Lj + 1, 
it cannot be neglected in comparison with X j • Therefore, 
x(fj ) = tj - AAGj/Acoj 

« tj - Atej • • • (20) 

where Axej = AA8 j /Acoj •••(21) 
Axej = AAGj/Awj 

= (ALj/Xj+1) • (1/Afj ) 
= (ALj/v) • (fj+l/Aj ) 

= a- (ALj/v) • • • (22) 

where a » f j+l/Af j . 

The smaller the difference between fj+l and f j , 
i.e., Af j , the greater a. If the variation in the phase is 
smaller than + tt/2 as compared with ALj/v, then it is possi- 
ble to vary group delay characteristics outside of the delay 
time that is determined by the geometrical distance almost 
without changing the amplitude characteristics in the sum of 
vectors of surface wave responses in the propagation chan- 
nels a through n. 

In the propagation channels a through n having cen- 
tral frequencies fj-1, f j , fj+l, fj+2, the gradients of the 
phase characteristics thereof are substantially equal to 
each other as indicated by the equation (19). However, 
since the absolute values of the magnitudes of the phases 
are slightly different as indicated by the following 
equations , the combined phases are not represented by a 
straight line: 



ej(fj) 



= 2TT-Lj/Xj + (}> 



• • • (23) 



ej+i{f j) 



= 27T'Lj+l/Xj + <t> 



• • • (24) 



ej (fj+D 



= 27T-Lj/Xj+1 + <t> 



- - • (25) 



8j+l(fj+l) - 27T-Lj+1/Xj + 1 + <t> •••(26) 
With respect to the phase characteristics, the 
actual phase characteristics vary as compared with the phase 



characteristics ej(f) determined by the distance of the cen- 
tral electroc fingers of the input and output electrodes at 
the jth propagation channel. The group delay represented by 
the differential of the angular frequency thereof is differ- 
ent from the delay time tj which is determined by the geo- 
metrical distance. However, if the variation in the phase 
is smaller than + tt/2, then the amplitude characteristics of 
the summed output produced by the sum of vectors of the 
responses in the propagation channels remain substantially 
the same. 

The design approach for obtaining desired group 
delay characteristics is simple. Since the differential of 
the angular frequency of the phase characteristics is group 
delay characteristics, the phase characteristics are deter- 
mined as the function of a frequency . by integrating desired 
group delay characteristics. Then, the frequency axis of 
the propagation channels a through n, i.e., the axis in the 
direction y, is aligned with that frequency, and ALj at the 
propagation channels a through n is determined in order to 
obtain desired phase characteristics. 
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Actual combined phase characteristics vary as 
represented by 9(f) in FIG. 7. The group delay represented 
by the differential of the angular frequency of the combined 
phase characteristics is different from the delay time tj 
determined by the geometrical distance. If the variation in 
the phase is smaller than + tt/2, then the amplitude charac- 
teristics remain substantially the same even if the vectors 
of the responses in the respective propagation channels are 
summed. A frequency characteristic curve with curved group 
delay characteristics is shown by way of example in FIG. 8. 
In order to curve the group delay characteristics, the vari- 
ations in ALj are represented by a cubic curve having mini- 
mal and maximal values on both sides of the central 
frequency as shown in FIG. 9. 

A surface elastic wave filter according to a second 
embodiment of the present invention will be described with 
reference to FIG. 10. The surface elastic wave filter has 
input and output electrodes 54, 56 disposed on a piezoelec- 
tric substrate 52 for receiving and sending a high-frequency 
signal. The input and output electrodes 54, 56 have paral- 
lel and confronting common electrodes 60, 62 and 64, 66, 
respectively, for receiving a high-frequency signal S 8 and . 
issuing a high-frequency signal S,, respectively. The com- 
mon electrode 60 has three divergent electrode fingers 70, 
72, 74, and the common electrode 62 has two electrode fin- 
gers 76, 78 in interdigitating relation to the divergent 
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electrode fingers 70, 72, 74. Likewise, the common elec- 
trode 64 has three divergent electrode fingers 82, 84, 88, 
and the common . electrode 66 has two electrode fingers 92, 94 
in interdigitating relation to the divergent electrode fin- 
gers 82, 84, 88. The divergent electrode fingers 72, 74 lie 
perpendicularly to the common electrodes 60, 6 2 and 64 , 66, 
respectively- The other electrode fingers are inclined at 
angles to imaginary lines normal to the common electrodes 
60, 62 and 64, 66. 

A shield electrode 100 of a gourd shape, which dou- 
bles as a phase control electrode, is disposed on the piezo- 
electric substrate 52 between the input and output 
electrodes 54, 56. The shield electrode 100 includes rec- 
tangular portions 100a, 100b serving as shields for lessen- 
ing electrical coupling between the input and output 
electrodes 54, 56. The shield electrode 100 also includes a 
metallized portion 100c extending between the rectangular 
portions 100a, 100b across the propagation channels a 
through n, the metallized portion 100c having different 
lengths in and along the propagation channels a through n 
within the distance between the central electrode fingers of 
the input and output electrodes 54, 56. The metallized por- 
tion 100c serves as a phase control member and shield. 

The phases of surface elastic waves propagated 
through the propagation channels a through n are controlled 
by different electric boundary conditions between the metal- 
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lized portion 100c and the piezoelectric substrate 52, i.e., 
the different speeds of propagation of the surface elastic 
waves through the propagation channels a through n across 
the metallized portion and nonmetallized areas in the propa- 
gation channels a through n. 

Operation of the surface elastic wave filter of the 
second embodiment is as follows: 

It is assumed that within the distance Lj between 
the central axes of the divergent electrode fingers 72, 84 
along the propagation channel j , the speed of propagation of 
the surface elastic wave in an electrically open area or 
nonmetallized area Loj (which is represented by the sum of 
equal distances a and b in the distance Lj ) is indicated by 
vo, the speed of propagation of the surface elastic wave in 
an electrically closed area or metallized area Lmj is indi- 
cated by vm, and the average speed of propagation of the 
surface elastic wave in electrode areas Laj of equal lengths 
in the distance L j ) is indicated by v. The phases 9 j , Gk of 
the surface elastic waves in the jth propagation path and 
the kth propagation path (not shown) are expressed as 
follows : 

9j = 2tt* (2-Laj/Xaj + Loj/Xoj + Lmj/Xmj) + cj> 
8k = 2tt • ( 2 -Lak/Xak + Lok/Xok + Lmk/Xmk) + 4> 

•••(27) 

where Laj - Lak, Xaj = v/f j , Xoj = vo/f j , Xmj = vm/f j , Xak = 
v/fk, Xok = vo/fk, and Xmk = vm/fk. Even if the distances 
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between the central axes of the electrode fingers 72, 84 in 
the propagation channels are equal to each other, as indi- 
cated by Loj + Lmj = Lok + Lmk, a phase difference can be 
given to the surface elastic waves propagated in the propa- 
gation channels by selecting the dimensional relationship of 
Lmj * Lmk. 

If Lmj = Lmk + AL, then the phase difference A0j is 

given by: 

A9j = 2tt-(AL/Xo) - 2iT(AL/Xm) 
= 2tt • AL • ( 1/Xo - 1/Xm) 
= 2tt • AL • ( f j /vo - fj/vm) 

= 2tt • AL • f j ( 1/vo - 1/vm) * V* (28) 

By using the equation (21), 

(1/vo - 1/vm) = 0.5-KVvo •••(29) 
Therefore, the equation (28) is rewritten as follows: 

A9j » 27T-AL-0.5-K* • f j/vo 
= AL-2tt/Xo-0.5-K 3 . 

In order to vary the phase by + 6 % of the 
wavelength, if the piezoelectric substrate is made of 
LiTaO, of X-112°Y (lithium tantalate, electromechanical 
coefficient K 2 = 0.0075), the following is derived from the 
last-mentioned equation: 

A9 l /2n « 0.12 = AL/XO-0.5-K 2 

Hence, AL = 32 -Xo, and the difference between the 
lengths of the shield electrode along the propagation chan- 
nels is equal to about 32 wavelengths. 
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Therefore, if the phase or the distance Lj between 
the central electrode fingers is to be varied by + 6 % of 
the wavelength, the width of the metallized portion 100c of 
the shield electrode 100 across the propagation channels a 
through n should be varied approximately by about 30 times 
the wavelength in accordance with the second embodiment. 
This arrangement can obtain nonlinear-phase frequency char- 
acteristics relatively accurately in the case where a 
desired phase variation is very small or the central fre- 
quency is high and the wavelength is short. 

A surface elastic wave filter according to a third 
embodiment is illustrated in FIG . 11. The surface elastic 
wave filter of FIG. 11 differs from the surface elastic wave 
filter of FIG. 5 in that divergent electrode fingers 75, 8 3 
as metallized layers have their widths or lengths in the 
propagation channels a through n, varying in the direction y 
which is normal to the direction x of propagation of a sur- 
face elastic wave. Operation of the surface elastic wave 
filter of the third embodiment can easily be understood from 
the above description of operation of the second embodiment. 

According to a fourth embodiment, a surface elastic 
wave filter shown in FIG. 12 includes divergent electrode 
fingers 75, 83 as metallized layers have their widths or 
lengths in the propagation channels a through n, varying in 
the direction y which is normal to the direction x of propa- 
gation of a surface elastic wave, as with the third embodi- 
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ment shown in FIG. 11. Moreover, a gourd-shaped shield 
electrode 100 doubling as a phase control electrode is dis- 
posed on a piezoelectric body 52 between input and output 
electrodes 54, 56, as with the second embodiment shown in 
FIG. 10. The shield electrode 100 includes rectangular por- 
tions 100a, 100b serving as shields for lessening electrical 
coupling between the input and output electrodes 54, 56. 
The shield electrode 100 also includes a metallized portion 
100c extending between the rectangular portions 100a, 100b 
across the propagation channels a through n, the metallized 
portion 100c having different lengths in and along the prop- 
agation channels a through n within the distance between the 
central electrode fingers of the input and output electrodes 
54, 56. The metallized portion 100c serves as a phase con- 
trol member and shield. 

The phases of surface elastic waves propagated 
through the propagation channels a through n are controlled 
by different electric boundary conditions between the metal- 
lized portion 100c and the piezoelectric substrate 52, i.e., 
the different speeds of propagation of the surface elastic 
waves through the propagation channels a through n across 
the metallized portion and nonmetallized areas in the propa- 
gation channels a through n. 

Operation of the surface elastic wave filter of the 
fourth embodiment can easily be understood from the above 
description of operation of the second and third 
embodiments . 




FIG. 13 shows a surface elastic filter according to 
a fifth embodiment of the present invention. The surface 
elastic wave filter of FIG. 13 includes input and output 
electrodes 54, 56 disposed on a piezoelectric body 52 having 
propagation channels a through n, a pair of spaced rectangu- 
lar shield electrodes 100a, 100b disposed on the piezoelec- 
tric body 52 outside of the propagation channels a through 
n, and a medium 102 disposed on the piezoelectric body 5 2 
across the propagation channels a through n between the 
shield electrodes 100a, 100b. The medium 102 is in the form 
of a thin film made of a material, other than an electric 
conductor, such as silicon dioxide which is capable of 
varying the speed of propagation of a surface elastic wave. 
The medium 102 has the same shape as the metallized portion 
100c as shown in FIGS. 10 and 12, and operates in the same 
manner and offers the same advantages as the metallized por- 
tion 100c. FIG. 14 fragmentarily shows a cross section 
taken along line V - V of FIG. 13. 

With the present invention, as described above, the 
input and output electrodes for sending and receiving a sur- 
face elastic wave are disposed on the surface layer of the 
piezoelectric body, and either the length of the electric 
conductor between the input and output electrodes in the 
direction of propagation of the surface elastic wave is var- 
ied in the direction normal to the direction of propagation 
to vary the speed of propagation of the surface elastic wave 
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due to different electric boundary conditions, or the medium 
for varying the speed of propagation of the surface elastic 
wave along the surface layer of the piezoelectric body is 
disposed on the piezoelectric body between the input and 
output electrodes, A signal is applied to the input elec- 
trodes and a signal having desired frequency characteristics 
in a wide frequency range is produced from the output elec- 
trode. The desired frequency characteristics can be 
achieved accurately in a wide frequency range with increased 
freedom. 

The surface elastic wave filter of the invention 
provides desired group delay characteristics in a wide fre- 
quency range and also nonlinear-phase frequency characteris- 
tics in a wide frequency range, and the freedom for phase 
control to obtain accurate nonlinear-phase frequency charac- 
teristics is increased. 

Although certain preferred embodiments have been 
shown and described, it should be understood that many 
changes and modifications may be made therein without 
departing from the scope of the appended claims. 
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CLAIMS ; 

1. A surface elastic wave device having nonlinear- 
phase frequency characteristics , comprising a piezoelectric 
body for propagating a surface elastic wave through a sur- 
face layer thereof and first and second electrodes disposed 
on said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, each of said first 
and second electrodes having a pair of common electrodes 
having comb-shaped electrode fingers extending therebetween, 
said electrode fingers between the common electrodes of at 
least one of said first and second electrodes including a 
plurality of divergent electrode fingers spreading along a 
direction substantially normal to the direction of propaga- 
tion of the surface elastic wave and an electrode finger 
disposed in a space defined between said divergent electrode 
fingers, the electrode finger of said first electrode for 
substantially sending and receiving the surface elastic wave 
having a central axis across said direction of propagation, 
the electrode finger of said second electrode for substan- 
tially sending and receiving the surface elastic wave having 
a central axis across said direction of propagation, the 
distance along said direction of propagation between said 
central axes being varied in said direction substantially 
normal to said direction of propagation. 

2, A surface elastic wave device according to claim 
1, further comprising an electric conductor disposed on said 



- 31 - 

surface layer of the piezoelectric body and having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 
propagation, said electric conductor comprising a metallized 
layer. 

3. A surface elastic wave device according to claim 
1, wherein those electrode fingers which are disposed 
between said central axes comprise electrode conductors, and 
further comprising an electric conductor disposed on said 
surface layer of the piezoelectric body and having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 
propagation, said electric conductors comprising metallized 
layers, respectively. 

4. A surface elastic wave device having nonlinear- 
phase frequency characteristics, comprising a piezoelectric 
body for propagating a surface elastic wave through a sur- 
face layer thereof, first and second electrodes disposed on 
said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, and an electric 
conductor disposed on said surface layer of the piezoelec- 
tric body between said first and second electrodes and hav- 
ing a length in said direction of propagation, said length 
being varied in said direction substantially normal to said 
direction of propagation, each of said first and second 



- 32 - 

electrodes having a pair of common electrodes having comb- 
sliaped electrode fingers extending therebetween, said elec- 
trode fingers between the common electrodes of at least one 
of said first and second electrodes including a plurality of 
divergent electrode fingers spreading along a direction sub- 
stantially normal to the direction of propagation of the • 
surface elastic wave and an electrode finger disposed in a 
space defined between said divergent electrode fingers. 

5. A surface elastic wave device having nonlinear- 
phase frequency characteristics, comprising a piezoelectric 
body for propagating a surface elastic wave through a sur- 
face layer thereof, and first and second electrodes disposed 
on said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, each of said first 
and second electrodes having a pair of common electrodes 
having comb-shaped electrode fingers extending therebetween, 
said electrode fingers between the common electrodes of at 
least one of said first and second electrodes including a 
plurality of divergent electrode fingers spreading along a 
direction substantially normal to the direction of propaga- 
tion of the surface elastic wave and an electrode finger 
disposed in a space defined between said divergent electrode 
fingers, the central electrode finger of said first elec- 
trode having a central axis and the central electrode finger 
of said second electrode having a central axis, those elec- 
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trode fingers of said first electrode and/or said second 
electrode which are disposed between said central axes com- 
prising electric conductors, each of said electric conduc- 
tors having a length in said direction of propagation, said 
length being varied in said direction substantially normal 
to said direction of propagation. 

6. A surface elastic wave device according to claim 
5, further comprising an electric conductor disposed on said 
surface layer of the piezoelectric body and having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 
propagation, said electric conductor comprising a metallized 
layer. 

7. A surface elastic wave device according to claim 
5, wherein those electrode fingers which are disposed 
between said central axes comprise electrode conductors, and 
further comprising an electric conductor disposed on said 
surface layer of the piezoelectric body and having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 
propagation, said electric conductors comprising metallized 
layers , respectively . 

8. A surface elastic wave device having nonlinear- 
phase frequency characteristics, comprising a piezoelectric 
body for propagating a surface elastic wave through a sur- 
face layer thereof, first and second electrodes disposed on 
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said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, each of said first 
and second electrodes having a pair of common electrodes 
having comb-shaped electrode fingers extending therebetween, 
said electrode fingers between the common electrodes of at 
least one of said first and second electrodes including a 
plurality of divergent electrode fingers spreading along a 
direction substantially normal to the direction of propaga- 
tion of the surface elastic wave and an electrode finger 
disposed in a space defined between said divergent electrode 
fingers, and an electric conductor disposed on said surface 
layer of the piezoelectric body between said first and sec- 
ond electrodes and having a length in said direction of 
propagation, said length being varied in said direction sub- 
stantially normal to said direction of propagation, and/or 
the central electrode finger of said first electrode having 
a central axis and the central electrode finger of said sec- 
ond electrode having a central axis, those electrode fingers 
of said first electrode and/or said second electrode which 
are disposed between said central axes comprising electric 
conductors, each of said electric conductors having a length 
in said direction of propagation, said length being varied 
in said direction substantially normal to said direction of 
propagation, 

9, A surface elastic wave device having nonlinear- 
phase frequency characteristics, comprising a piezoelectric 
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body for propagating a surface elastic wave through a sur- 
face layer thereof, first and second electrodes disposed on 
said surface layer in spaced-apart relationship to each 
other for sending and receiving the surface elastic wave 
between the first and second electrodes, each of said first 
and second electrodes having a pair of common electrodes 
having comb-shaped electrode fingers extending therebetween, 
said electrode fingers between the common electrodes of at 
least one of said first and second electrodes including a 
plurality of divergent electrode fingers spreading along a 
direction substantially normal to the direction of propaga- 
tion of the surface elastic wave and an electrode finger 
disposed in a space defined between said divergent electrode 
fingers, and a medium disposed across propagation channels 
between said first and second electrodes for varying the 
speed of propagation of the surface elastic wave through 
said surface layer. 

10. A surface elastic wave device according to 
claim 9, wherein said medium comprises a thin film of sili- 
con dioxide. 

11. A surface elastic wave device substantially as hereinbefore 
described with reference to Figures 5 to 14 of the accompanying drawings. 
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